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Mobile stations in communication with several 
base stations in a cellular CDMA system (as 
when undergoing soft handoff) do not use the 
conventional "or of the downs" rule for assessing 
power control commands from base stations. 
Mobile stations assess the link quality of the links 
from the base station. If any base station displays 
link quality above a predetermined threshold and 
if that base station is requesting power reduction, 
power is reduced by a predetermined amount, 
delta. Othenwise, power is adjusted up or down 
by an amount less than or equal to delta 
according to the received power control signals 
from each base station in conjunction with a 
weight determined from the signal quality of the 
link from each base station. 
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SYSTEM AND METHOD TO COMBINE POWER CONTROL COMMANDS DURING 
SOFT HANDOFF IN DS/CDMA CELLULAR SYSTEMS 

Description of WO0036762 



SYSTEIVI AND METHOD TO COMBINE POWER CONTROL COMMANDS 
DURING SOFT HANDOFF IN DS/CDMA CELLULAR SYSTEMS 
FIELD OF THE INVENTION 

The invention relates generally to DS/CDMA radio systems, and particularly to controlling the power output 
of mobile stations in DS/CDMA radio systems when they are in soft handoff and receiving power control 
commands from more than one base station. 

BACKGROUND OF THE INVENTION 

In cellular CDMA systems such as those governed by the IS-95A standard, a plurality of base stations are 
provided to service mobile users. The coverage areas of the base stations are known as cells. Cells 
typically overlap. A mobile user with a call in progress may travel toward the edge of a cell, and thus may 
enter an overlap area between two or more cells. 

The base stations monitor the power levels of signals received from mobile stations, and may instruct 
each mobile station to increase or decrease its power to provide a power level sufficient to sustain 
communication but low enough to preclude interference with transmissions from other mobile stations. 

"Handoff procedures are known in the art for passing a mobile user from one base station into another. A 
mobile station is said to undergo"hard handoff if it disconnects its transmission with the current base 
station and restarts transmission"from scratch"with a new base station. If the mobile station can 
communicate simultaneously with two or more base stations involved in the handoff it is said to be in"soft 
handoff'. In this case each of the base stations sends power control commands to the mobile station. 

The conventional way for a mobile station to respond to these multiple power control commands is to 
decrease its power if any of the base stations requests a decrease and to increase its power only if all the 
base stations so request. This is generally known as the"or of the downs"rule. 

In radio transmission, there are various difficulties encountered in maintaining a reliable communication 
link between a base and a mobile station. One of the frequently encountered difficulties is the time-varying 
fluctuation of received signal strength, known as fading, due to the nature of the radio transmission 
environment and the mobility of the mobile station. In fading channels, some of the radio link connections 
for either forward link (base station to mobile station) or reverse link (mobile station to base station) can be 
strong while the others can be weak. Furthermore, the multipath fading on the forward and reverse links 
may differ in their time-varying natures. 

To control power on the reverse link, the power control commands are sent uncoded over the fon/vard link 
to avoid the delay associated with decoding of coded information. 

Hence, the error rate for these commands is relatively higher than that for the information bits. In 
conventional DS/CDMA cellular systems, the forward link is designed such that the typical power control 
bit error rate is around 5% for a connection that would be considered a good connection. This rate can be 
higher if the received signal strength in the fonward link is weaker than the nominal operating signal 
strength. This error rate can be lower if the power contnrol bits are sent at extra power. Thus, with (i) the 
conventional combining method of "or of the downs"and (ii) this 5% error rate, the mobile station might 
erroneously decrease its 

transmit power even though all the base stations have asked for an increase in power, due to an error in 
transmission of a single power control command bit. 

-When-the-power^controLcommand s are erroneousl y inter preted at the mobile station and the mobile 

station acts in an opposite direction than desired, its impact on the system capacity can be significant 
since it might increase interference with signals from other mobile stations. The effective number of mobile 
stations (or mobile users) served by one base station can be reduced or the quality of service can be 
degraded. Furthermore, the mobile station can unnecessarily waste its limited battery power in trying to 
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maintain a higher quality signal than required. 

Cellular CDMA systenns with significant traffic are known to be interference limited. 

Reducing interference results in an increase in the system capacity. One way to reduce interference is 
through power control. Power control is used in both the fonward link (from base station to mobile) and 
reverse link (from mobile to base station). Reverse link power control has two parts: open loop and closed 
loop. The open loop is used to compensate for the effect of distance variations and shadowing which are 
usually reciprocal on both links (fon/vard and reverse). Since the multipath fading conditions are 
independent on the forward and the reverse links, the base station has to tell the mobile how to adjust its 
power to compensate for fading (closed loop). 

When the received energy per bit over noise spectral density (Eb/No, a widely used signal-to-noise ratio) 
from a mobile is higher than a target Eb/No, the base station sends a power control command asking the 
mobile to decrease its transmitted power, and conversely when the received Eb/No from a mobile is lower 
than a target Eb/No, the base station requests the mobile to increase its transmitted power. A one-bit 
command is generally used for this purpose, e. g., a 1 requests decreasing the power while a 0 requests 
increasing the power by a fixed step A. 

A large percentage of the time, a mobile can be in soft handoff, typically because of being in the region of 
overlap between two or more cells. During soft handoff, the mobile signal is received at different base 
stations and selective combining is performed to pick one of the signals to represent the mobile's signal on 
a frame-by-frame basis. In such a case, the mobile will be receiving power control commands from 
different base stations. To reduce the interference, the mobile applies the"or of the downs'Yule, application 
of which is shown in 
Fig. 1. 

The"or of the downs'Yule would be the proper scheme if the received power control commands are error- 
free, since it minimizes the interference. In reality, however, the power control commands can be received 
in error. 

There is thus a need for power control of CDMA mobile stations that is more accurately responsive to 
power control commands from the base stations when the transmission of power control commands is 
subject to errors in transmission. 

It is thus an object of the present invention to improve Quality of Service (QoS) of the mobile stations. 

It is another object of the present invention to provide CDMA mobile stations that respond to accurate 
power control commands and discriminate against innacurate power control commands from base stations 
when the power control commands are subject to errors in transmission. 

It is another object of the present invention to minimize interference during soft handoff. 

It is another object of the present invention to reduce power consumption at a mobile station during soft 
handoff of the mobile station. 

SUMMARY OF THE INVENTION 

The present invention overcomes the drawbacks of the prior art and fulfills these and other objectives 
including minimizing interference during soft handoff, improving system capacity, and reducing power 
consumption of the mobile station*s battery. 

In an embodiment of the invention, instead of applying the"or of the downs"rule in a mobile station to 
respond to multiple power control commands from several participating base stations during soft handoff, 
the mobile station measures the quality of individual links in terms of received signal-tonnterference-plus- 
noise ratio (SINR) and weights each received power control command in association with its link quality. A 
determination of power control is made from the weighted commands. 



The invention will next be described in connection with certain exemplary embodiments ; however, it 
should be clear to those skilled in the art that various modifications, additions and subtractions can be 
made without departing from the spirit or scope of the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood by reference to the following detailed description of an 
exemplary embodiment in conjunction with the accompanying drawings, in which: 
Fig. 1 (prior art) illustrates application of the"or of the downs'Yule. 

Fig. 2 illustrates the operation of the present invention. 

DESCRIPTION OF THE INVENTION 

During soft handoff, a mobile station receives and combines power control signals from all base stations 
participating in the soft handoff. One or more of these signals can be weak, which will result in a hi-h error 
probability. Thus, through misinterpretation of weak power control commands, the mobile station can 
conceivably keep dropping its power even though all base stations are asking for increased power. The 
strength of the signal depends on the path loss between the base station and the mobile and the number 
of Rake fingers (in a 

Rake receiver, known in the art) assigned to the signal. The mobile station has a limited number of fingers 
to assign to the different signals. 

The invention provides a new scheme to combine the power control (PC) commands received in a mobile 
station during soft handoff. The mobile station measures the SINR received from a base station m 
participating in the soft handoff process, and based on the measurement assigns a weight (Wm) to the 
corresponding power control command. The mobile station combines all the power control commands 
according to a measure of reliability associated with the weights. To reduce the interference, if any base 
station with a reliable connection asks for a decrease in power the mobile will decrease its power by a 
predetermined step size A. (A connection c is considered reliable if Wc > R, where k is a predetermined 
threshold). 

If no reliable signal is received requesting a decrease in power, the mobile adjusts its power by, where-S s 
y s A. For a practical implementation, y may be chosen from a predetermined set of values. 

The scheme of the present invention is shown in Fig. 2 in the form of a flow chart which may be 
implemented in hardware, software, firmware, or a combination thereof. 

A mobile station communicating with n base stations receives signals from base stations 1 through n. 
Included in the signals are Power Control (PC) bits PC, through PCn, each having a value of 0 to indicate 
that the corresponding base station is requesting an increase in the mobile station's transmitting power, or 
a value of 1 to indicate a request for a decrease. However, as noted above, these bits may not have been 
received correctly. (Those skilled in the art will recognize that in alternative embodiments the opposite bit 
values could have been employed, or that fields of more than a single bit may be employed.) 
Signal-to-Noise estimators 2-1 through 2-n estimate quality of transmission Eb/No, through Eb/No for the 
base stations 1 through n. The quality estimate can be based on any transmitted signal from the base 
station from which the mobile station is able to accurately measure the channel condition between the 
base station and the mobile station. Weight calculator 3 determines a weight W, through W for the quality 
of transmission from each base station according to the Eb/No from each base station. 

Decision block 4 determines whether, for any base station, the weight exceeds a predetermined threshold 
X and if the Power Control bit was received as a 1. If yes (indicating that a base station which is being 
reliably received requested a decrease in power), power is decreased by a predetermined amount A in 
block 5. 

If decision block 4 does not find any reliable transmission of a request for power decrease, block 6 
calculates y (where-A < y as 

y = f (W„ WZ,... Wn, PC,, PC2,... PCn, A) and alters the transmitting power by y. One possible function 
which has been used to calculate y is as follows: 
If PCj = 1 (requesting decrease), Ci =-1 
If PCj = 0 (requesting increase), Ci = 1 
WT = W, +W2+... W, Equation 1] 
x-=-Wt/WT-^C-+-W2/WT-J!lC I. . .-+-W, ,/WT-^C ,^ 
y = X * A [Equation 3] 

In another embodiment of the invention, the C, bits are given values of +1 if the received PC bit indicates 
that the power should be increased or-1 if the power should be decreased. A quality indicator W,, W2,... W 
is computed for each PC bit. If the magnitude of the quality indicator is greater than a given threshold, the 
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corresponding C, bit remains unchanged. Othenwise, it is set to zero. This zero will be used to indicate that 
the power should be left unchanged. The power is decreased by A if any-1 is obtained. If there are no 
1 's but at least one +1 , y is determined as above according to Equations 1 ,2, and 3, and the power is 
increased by y. If all the C, bits are set to zero, the power is left unchanged. 

In yet another embodiment of the invention, the received signal includes a power control field comprising a 
number m bits (where m is greater than 1). If the binary value contained in the power control field from a 
particular base station exceeds a predetermined threshold value, the corresponding C, bit is set to +1. If 
the binary value is less than a second threshold value lower than the first, the C bit is set to-1. If the binary 
value falls between the two threshold values, the Cn bit is set to 0. The power is then decreased by A if 
any-1 is obtained. If there are no-1's and at least one +1, y is calculated as above and the power is 
increased by y. If all the Cn values are equal to 0, the power is left unchanged. 

It will thus be seen that the invention efficiently attains the objects set forth above, among those made 
apparent from the preceding description. The invention provides improved CDMA radio transmission, 
minimizes interference during soft handoff, and minimizes power consumption at the mobile station. Those 
skilled in the art will appreciate that the configuration depicted in Figure 2 improves the manner in which 
CDMA mobile stations assess and respond to the power control commands from base stations when the 
power control commands are subject to the possibility of errors in transmission. 

It will be understood that changes may be made in the above construction and in the foregoing sequences 
of operation without departing from the scope of the invention. It is accordingly intended that all matter 
contained in the above description or shown in the accompanying drawings be interpreted as illustrative 
rather than in a limiting sense. 

It is also to be understood that the following claims are intended to cover all of the generic and specific 
features of the invention as described herein, and all statements of the scope of the invention which, as a 
matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as new and secured by Letters 
Patent is : 
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SYSTEM AND METHOD TO COMBINE POWER CONTROL COMMANDS DURING 
SOFT HANDOFF IN DS/CDMA CELLULAR SYSTEMS 

Claims ofWO0036762 



1. In a wireless communication system having base stations in communication with mobile 
stations, and in which the base stations communicate power control commands to the 

mobile stations for commanding the mobile stations to adjust their transmitting power, apparatus in the 

mobile stations for responding to the power control commands when a 

mobile station is in communication with two or more base stations, the apparatus 

comprising: 

quality estimating means for producing a quality estimate of the power control 
command from each base station; 

evaluation means for determining an adjustment value determined as a function of the 
power control commands from the base stations and the quality estimates of the 
power control commands from the base stations; 

comparison means for determining if the quality estimate of the power control 
command for each base station exceeds a predetermined threshold; and 
power adjusting means for decreasing the transmitting power by a predetermined 
amount if a command to decrease power is received from any base station from 
which the quality estimate of the received command exceeds said predetermined 
threshold, and for adjusting the transmitting power according to said adjustment 
value if no command to decrease power is received with quality estimate exceeding 
said predetermined threshold from any base station. 

2. The apparatus according to Claim 1 wherein said quality estimating means produces said 
quality estimate according to one of a channel SINR and a power control command SINR 3. The 
apparatus according to Claim 1 wherein said evaluation means includes: 

means for determining a summation of the quality estimates for all of the base 
stations; 

means for determining for each base station a weighted value equal to the quality 
estimate divided by said summation of the quality estimates wherein: 
for a base station commanding a decrease in power said weighted value is 
made negative; 

means for determining a third value equal to a sum of said weighted values, wherein 
said adjustment value is equal to a product of said predetermined amount and said 
third value. 

4. The apparatus according to Claim 1 wherein said evaluation means includes: 
means for determining a summation of the quality estimates for all of the base 
stations; 

means for determining for each base station a weighted value equal to the quality 
estimate divided by said summation of the quality estimates and multiplied by: 
zero for a base station for which said quality estimate does not exceed said 
predetermined threshold, 

minus one for a base station commanding a decrease in power, and for which 

said quality estimate exceeds said predetermined threshold, or 

plus one for a base station commanding an increase in power, and for which 

said quality estimate exceeds said predetermined threshold; 

means for determining a third value equal to a sum of said weighted values and 

means for determining said adjustment value equal to a product of said predetermined 

amount and said third value. 

5 Jhe apparatus-according-tO-ClaimJ^wherein-said_compa rison means further determines 

whether said quality estimate of said power control command from each base station 
exceeds a second predetermined threshold which is less than the first predetermined 
threshold, and said evaluation means includes: 

means for determining a summation of the quality estimates for all of the base 
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stations; 

means for deternnining for each base station a weighted value equal to the quality 
estimate divided by said summation of the quality estimates and multiplied by: 
zero for a base station for which said quality estimate exceeds said second 
predetermined threshold and does not exceed said predetermined threshold, 
minus one for a base station for which said quality estimate is less than said 
second predetermined threshold, or 

plus one for a base station for which said quality estimate exceeds said 
predetermined threshold; 

means for determining a third value equal to a sum of said weighted values; and 
means for determining said adjustment value equal to a product of said predetermined 
amount and said third value. 

6. The apparatus according to Claim 1 wherein said power control commands from said base 
stations each take a value from a predetermined set of values, and said evaluation means includes: 
means for determining a summation of the quality estimates for all of the base 

stations; 

means for determining for each base station a weighted value equal to the quality 

estimate divided by said summation of the quality estimates and multiplied by: 

plus one for a base station for which said value of said power control 

command exceeds a first predetermined threshold value; 

minus one for a base station for which said value of said power control 

command fails to equal or exceed a second predetermined threshold value 

lower than the first predetermined threshold value; or 

zero for a base station for which said value of said power control command 

exceeds said second predetermined threshold value but fails to exceed said 

first predetermined threshold value; 

means for determining a third value equal to a sum of said weighted values; and 
means for determining said adjustment value equal to a product of said predetermined 
amount and said third value. 

7. In a wireless communication system having base stations in communication with mobile 
stations, and in which the base stations send at least power control commands for 

commanding mobile stations to increase or decrease their transmitting power, a method practiced in the 

mobile stations for responding to said power control commands 

when a mobile station is in communication with two or more base stations, the method 

comprising the steps of : 

producing a quality estimate of the power control command from each base station; 
determining an adjustment value being a function of the power control commands 
from the base stations and the quality estimates of the power control commands 
from the base stations; 

determining if the quality estimate of the power control command from each base 
station exceeds a predetermined threshold; and 

adjusting the transmitting power by a predetermined amount if a command to 
decrease power is received from any base station from which the quality estimate of 
the received command exceeds said predetermined threshold and adjusting the 
transmitting power according to said adjustment value if no command to decrease 
power is received with a quality estimate exceeding said predetermined threshold 
from any base station. 

8. The method according to Claim 7 wherein said step of producing a quality estimate 
produces said quality estimate according to one of a channel SINR and a power control 

command SINR 9. The method according to Claim 7 wherein said step of determining an adjustment value 
includes: 

determining a summation of the quality estimates for all of the base stations; 
determining for each base station a weighted value equal to the quality estimate 

divided-by-said-Summation-of-the_quality_estimates_and_multip]ied,by: 

minus one for a base station commanding a decrease in power, or 

plus one for a base station commanding an increase in power; 

determining a third value equal to a sum of said weighted values; and 

determining said adjustment value equal to a product of said predetermined amount 
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and said third value. 

10. The method according to Claim 7 wherein said step of determining an adjustment value 
includes: 

determining a summation of the quality estimates for all of the base stations; 
determining for each base station a weighted value equal to the quality estimate 
divided by said summation of the quality estimates and multiplied by: 
zero for a base station for which said quality estimate does not exceed said 
predetermined threshold, 

minus one for a base station commanding a decrease in power, and for which 

said quality estimate exceeds said predetermined threshold, or 

plus one for a base station commanding an increase in power, and for which 

said quality estimate exceeds said predetermined threshold; 

determining a third value equal to a sum of said weighted values; and 

determining said adjustment value equal to a product of said predetermined amount 

and said third value. 

1 1 . The method according to Claim 7 wherein said step of determining if said quality 
estimate of the power control command from each base station exceeds a predetermined 
threshold further determines whether said quality estimate of said power control command 
from each base station exceeds a second predetermined threshold lower than the 
predetermined threshold, and said step of determining adjustment value includes: 
determining a summation of the quality estimates for all of the base stations; 
determining for each base station a weighted value equal to the quality estimate 
divided by said summation of the quality estimates and multiplied by: 

zero for a base station for which said quality estimate exceeds said second 
predetermined threshold and does not exceed said predetermined threshold, 
minus one for a base station for which said quality estimate is less than said 
second predetermined threshold, or 

plus one for a base station for which said quality estimate exceeds said 
predetermined threshold; 

determining a third value equal to a sum of said weighted values; and 

determining said adjustment value equal to a product of said predetermined amount 

and said third value. 

12. The method according to Claim 7 wherein said power control commands from said base 

stations each take a value from a predetermined set of values, and'said step of determining an adjustment 
value includes: 

determining a summation of the quality estimates for all of the base stations; 

determining for each base station a weighted value equal to the quality estimate 

divided by said summation of the quality estimates and multiplied by: 

plus one for a base station for which said value of said power control 

command exceeds a first predetermined threshold value; 

minus one for a base station for which said value of said power control 

command fails to equal or exceed a second predetermined threshold value 

lower than the first predetermined threshold value; or 

zero for a base station for which said value of said power control command 

exceeds said second predetermined threshold value but fails to exceed said 

first predetermined threshold value; 

determining a third value equal to a sum of said weighted values; and 

determining said adjustment value equal to a product of said predetermined amount 

and said third value. 

13. In a wireless communication system having base stations in communication with mobile 
stations, and in which the base stations communicate power control commands to the 

mobile stations for commanding the mobile stations to adjust their transmitting power, apparatus in the 

mobile-stations for responding-to-the-power-control commands-when a ^ 

mobile station is in communication with two or more base stations, the apparatus 
comprising an arithmetic logic unit (ALU) adapted to: 

produce a quality estimate of the power control command from each base station; 
determine an adjustment value determined as a function of the power control 
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commands from the base stations and the quality estimates of the power control 
commands from the base stations; 

determine if the quality estimate of the power control command for each base station 
exceeds a predetermined threshold; and 

command decreasing the transmitting power by a predetermined amount if a 
command to decrease power is received from any base station from which the 
quality estimate of the received command exceeds said predetermined threshold, 
and command adjusting the transmitting power according to said adjustment value 
if no command to decrease power is received with quality estimate exceeding said 
predetermined threshold from any base station. 

14. The apparatus according to Claim 13 wherein quality estimate is produced according to 

one of a channel SINR and a power control command SINR 15. The apparatus according to Claim 13 

wherein: 

a summation of the quality estimates for all of the base stations is determined; 
for each base station a weighted value is determined equal to the quality estimate 
divided by said summation of the quality estimates wherein: 
for a base station commanding a decrease in power said weighted value is 
made negative; 

a third value is determined equal to a sum of said weighted values, wherein said 
adjustment value is equal to a product of said predetermined amount and said third 
value. 

16. The apparatus according to Claim 13 wherein: 

a summation of the quality estimates for all of the base stations is determined; 
for each base station a weighted value is determined equal to the quality estimate 
divided by said summation of the quality estimates and multiplied by: 
zero for a base station for which said quality estimate does not exceed said 
predetermined threshold, 

minus one for a base station commanding a decrease in power, and for which 

said quality estimate exceeds said predetermined threshold, or 

plus one for a base station commanding an increase in power, and for which 

said quality estimate exceeds said predetermined threshold; 

a third value is determined equal to a sum of said weighted values and 

said adjustment value is determined equal to a product of said predetermined amount 

and said third value. 

17. The apparatus according to Claim 13 wherein said ALU determines whether said quality 
estimate of said power control command from each base station exceeds a second 
predetermined threshold which is less than the first predetermined threshold, and 

a summation of the quality estimates for all of the base stations is determined; 
for each base station a weighted value is determined equal to the quality estimate 
divided by said summation of the quality estimates and multiplied by: 
zero for a base station for which said quality estimate exceeds said second 
predetermined threshold and does not exceed said predetermined threshold, 
minus one for a base station for which said quality estimate is less than said 
second predetermined threshold, or 

plus one for a base station for which said quality estimate exceeds said 
predetermined threshold; 

a third value is determined equal to a sum of said weighted values; and 

said adjustment value is determined equal to a product of said predetermined amount 

and said third value. 

18. The apparatus according to Claim 13 wherein said power control commands from said 
base stations each take a value from a predetermined set of values, and said ALU is adapted 
to: 

determi ne a summation of the quality estimates for all of the base stations : 

determine for each base station a weighted value equal to the quality estimate divided 

by said summation of the quality estimates and multiplied by: 

plus one for a base station for which said value of said power control 

command exceeds a first predetermined threshold value; 
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minus one for a base station for which said value of said power control 
command fails to equal or exceed a second predetermined threshold value 
lower than the first predetermined threshold value; or 
zero for a base station for which said value of said power control command 
exceeds said second predetermined threshold value but fails to exceed said 
first predetermined threshold value; 

determine a third value equal to a sum of said weighted values; and 

determine said adjustment value equal to a product of said predetermined amount and 

said third value. 
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